In this paper, a new synthesis method was proposed to obtain anatase titanium oxide (TiO 2 ) nanocrystals anchored into SBA-15 molecular sieve, as a matrix assigned by the in-situ anchoring (ISA) method. Pure SBA-15 and modified with TiO 2 nanocrystals at different Si/Ti molar ratios (R = 75, 50, and 25) were structurally characterized by X-ray diffraction (XRD), Micro-Raman and Fourier Transform infrared (FTIR) spectroscopies. Specific surface area, pore volume and average pore diameter were estimated using both Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) methods, respectively. Morphological aspects of these samples were observed by means of field emission scanning electron microscopy (FE-SEM) and transmission electron microscopy (TEM). Optical properties were investigated by ultravioletvisible (UV-vis) diffuse reflectance spectroscopy. XRD patterns, Micro-Raman and FT-IR spectra indicate the TiO 2 nanocrystals crystallized in a tetragonal structure anchored into the SBA-15 mesopores. BET and BJH methods prove a large amount of TiO 2 nanocrystals were anchored inside of SBA-15 mesopores due to increase in surface area and average pore size of SBA-15 matrix. FE-SEM and TEM images showed the pure SBA-15 has an elongated hexagon-shaped microstructure, and an average size of 7.34 nm for 2D hexagonal mesopores. Moreover, ISA method was able to avoid blocking of mesopores, in addition promotes a significant increasing the impregnation rate of anatase TiO 2 nanocrystals in SBA-15 matrix. A growth mechanism was proposed in order to explain the stages involved in the formation of TiO 2 -SBA mesoporous. UV-vis spectra revealed a dependence of the optical band gap energy (E gap ) with the decreasing of Si/Ti molar ratios.
Introduction
In 1990, Yanagisawa et al. [1] first investigated the single layered polysilicate kanemite and its conversion to microporous materials. This scientific study was of fundamental importance for the development of new synthetic routes focused in the preparation of mesoporous silica (SiO 2 ) nanoparticles. Mesoporous SiO 2 , Mobil Crystalline Materials (MCM-41), and Santa Barbara Amorphous (SBA-15) are mesoporous materials well-known in the literature [2] [3] [4] .
In the last years, researches have devoted their efforts in the study of SBA-15, which these molecular sieves because of their technological applications, such as drug delivery [5] , biosensors in materials science because of its high catalytic and photocatalytic activities [19, 20] . The anatase TiO 2 nanocrystals into the SBA-15 mesoporous has been employed for improving its electronic performance in humidity sensors [21] , enhanced visible-light photoactivity [22, 23] , catalysts in cyclohexene epoxidation [24] , fuel cell membrane [25] , oxidation of carbon monoxide [26] , as catalysts for direct propylene epoxidation with O 2 and H 2 mixtures [27] , drug releaser [28] .
In terms of preparation techniques, two methods are commonly employed for obtaining SBA-15 modified with TiO 2 nanocrystals: post-synthesis and one-pot methods. The first one is able to promote the formation of metal oxides in the channels or external surfaces of support, which could block the channels and not allows the easy access of reactant molecules to the reaction sites in the porous matrix [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . In the second one, it occurs the simultaneous addition of the precursors of silica and titanium oxides in the synthesis gel. This method limits the amount of titanium oxide that can be incorporated, once the increase of the TiO 2 concentration promotes the distance of the SBA-15 characteristic because of the fast hydrolysis that occur in the titanium oxide precursors over the micelles of the template [40] [41] [42] .
Therefore, the aim of this study was the preparation of SBA-15 matrices modified with anatase TiO 2 nanocrystals by the in-situ anchoring (ISA) method, in which was investigated the influence of different Si/Ti molar ratios (R = 75, 50, and 25) on the structural behavior and optical properties.
Experimental procedure

Synthesis of pure SBA-15 matrix
The preparation conditions of mesoporous SBA-15 using direct synthesis method with pH adjustment have been reported in our previous papers [43, 44] . A typical synthesis method of pure SBA-15 matrix is described as follows: 4 g of amphiphilic triblock copolymer, poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol), Pluronic P123 (average molecular weight 5800), 97% purity (Sigma-Aldrich), was dissolved in 148.3 mL of hydrochloric acid (HCl − Vetec) solution (pH < 0.1) under stirring for 2 h at 40 • C. In the sequence, 8.8 mL of tetraethyl orthosilicate (TEOS), 98% purity (Sigma-Aldrich), was added to initial mixture, which was maintained at 40 • C for 24 h under constant stirring. Thereafter, the formed gel was transferred to inside a Teflon cup (200 mL capacity), which was placed inside a stainless autoclave. This system was sealed and subjected to hydrothermal conditions performed at 100 • C for 48 h. The obtained samples were washed several times with ethanol, filtrated at vacuum, and heat treated at 500 • C for 5 h under air flow. This heat treatment was adopted to decompose the triblock copolymer and obtain the SBA-15.
Synthesis of anatase TiO 2 nanocrystals
Initially, 120 L of nitric acid [HNO 3 ] (65%, Vetec) was dissolved in 30 mL of deionized water (H 2 O) contained in a round-bottom flask, which was immersed in a thermostatic oil bath heated at 90 • C. Thereafter, 2.5 mL of titanium (IV) isopropoxide [Ti(OC 3 H 7 ) 4 ] (99%, Aldrich) was added in this solution. This system at 90 • C was maintained under reflux for 12 h up to obtain the anatase TiO 2 nanocrystals, as consequence of the total hydrolysis of Ti precursor. TiO 2 concentration was determined by means of gravimetric procedure.
Synthesis of anatase TiO 2 nanocrystals/SBA-15 powders
An adequate amount of anatase TiO 2 nanocrystals at colloidal state, necessary to reach a Si/Ti molar ratio of 75, was added into the Pluronic (P123) micelle dispersion, which was previously obtained by the Pluronic (P123) dispersion in HCl solution under stirring at 40 • C for 2 h, as was previously described in item 2.1. After the addition of TiO 2 nanocrystals, the mixture was maintained at 40 • C for more 2 h in order to anatase TiO 2 nanocrystals at colloidal state could be anchored and distributed on 2D-hexagonal shapes of lyotropic liquid-crystalline phase (P123 micelles). In the sequence, TEOS was added to this mixture and maintained at 40 • C for 24 h under stirring. This solution was subjected the hydrothermal treatment and washed in similar conditions to those described in item 2.1. The obtained sample was washed several times with ethanol, filtrated at vacuum, and heat treated at 500 • C for 5 h under air flow. Similar procedure was employed to obtain anatase TiO 2 nanocrystals/SBA-15 powders with Si/Ti molar ratio (R) = 50 and 25.
Characterization
Pure SBA-15 matrix, anatase TiO 2 nanocrystals and TiO 2 /SBA-15 were structurally characterized by means of XRD using a LabX XRD-6000 diffractometer (Shimadzu, Japan) with Cu K␣ radiation ( = 0.15406 nm) in the 2Â range at low angle from 0.5 • to 4.0 • and at wide angle from 10 • to 80 • , both with a scanning velocity of 2 • /min. Micro-Raman spectra were recorded using a SENTERRA spectrometer (Bruker, Germany) equipped with He-Ne laser ( = 532 nm) and CCD operating from 85 cm −1 to 800 cm −1 with spectral resolution of 4 cm −1 . The incident laser beam power on the sample was maintained at 20 mW. A 50 m lens was used to prevent overheating the samples. The specific surface area analyses with nitrogen adsorption and desorption were recorded in an ASAP-2420 equipment (Micromeritics, USA). For each analysis were used approximately 30 mg of each calcined sample, which were previously degassed at 300 • C for 3 h. The isotherms were obtained in a range of relative pressure (P/P 0 ) from 0.01 to 0.99 at temperature of the liquid nitrogen (77 K). The surface areas were estimated by the Brunauer, Emmett and Teller (BET) method [45] , while the pore volumes and average pore diameters were estimated by the Barrett, Joyner and Halenda (BJH) method [46] . The composition was obtained with an Epsilon 1 HP-EDXRF spectrometer (PANalytical, Netherlands) equipped with a Rh anode X-ray tube (600 W), using a voltage of 50 kV and a current of 30 mA. Morphological aspects were observed with a Quanta 250 field-emission scanning electron microscopy (FE-SEM) (FEI Company, Netherlands) operated at 10 kV and, using a transmission electron microscopy (TEM) model CM200 (Philips, Netherlands) operated at 200 kV. The samples for the TEM were prepared by the immersion of copper grids in dilute solutions of obtained powders in ethanol. UV-vis diffuse reflectance spectra were taken using an UV-2600 spectrophotometer (Shimadzu, Japan). The optical band gap energy (E gap ) was calculated using the method proposed by Kubelka and Munk for indirect electronic transitions [46, 47] .
Results and discussion
3.1. X-ray diffraction patterns analyses In Fig. 1(a) , all XRD patterns performed at low angle showed three diffraction peaks (2Â ∼ = 0.80 • , 1.44 • , and 1.67 • ) related to (100), (210) and (200) crystallographic planes, respectively. These peaks can be assigned to ordered 2D hexagonal mesostructure with space group (P6 mm) and point group symmetry (C 6v ) [48] , in good agreement with the data reported in International Tables for Crystallography (ITC) n • 183 [49, 50] . This pattern is characteristic of SBA-15 structure [40, 41] , which indicates that the in-situ anchoring (ISA) preparation method, employed in this study, did not destroy the structural mesoporous of SBA-15. In addition, it is important to highlight that these three diffraction peaks are shifted to lower 2 values for TiO 2 /SBA-15 samples in relation to pure SBA-15 matrix, indicating there is an increase in the unit-cell parameters [51] , which may be related the incorporation of TiO 2 nanocrystals into the SBA-15 mesoporos walls.
For XRD patterns obtained at wide angle, some low intensity diffraction peaks were identified, which are ascribed to anatase TiO 2 phase with tetragonal structure, space group (I4 1 /amd), lattice parameters (a = 3.824(3) Å and c = 9.581(4) Å) and four molecular formula per unit cell (Z = 4) [52, 53] . The intense and broad XRD peak located at around 23.5 • is characteristic of amorphous silica (SiO 2 ) [54] . Raman spectra of pure SBA-15 matrix are similar to those previously published in other papers [55] [56] [57] . Raman-active bands have lower intensities, which are assigned to O-Si-O symmetric vibrational modes, arising from isolated four-membered rings of tetrahedral [SiO 4 ] clusters, and breathing vibrations of threemembered rings of tetrahedral [SiO 4 ] clusters [57] . However, as can be noted in Fig. 2(b-d) , the increase in the amount of TiO 2 nanocrystals into the SBA-15 matrix promoted the slight appearance of Raman modes at 147 cm −1 , 400 cm −1 , 518 cm −1 , and 640 cm −1 , which are related to TiO 2 anatase phase.
Micro-Ramam spectrocopy analyses
Particularly, the Raman spectrum of TiO 2 /SBA-15 (R = 25) revealed the presence of four active bands (2E g , 1B 1g , and 1A 1g ) associated to anatase TiO 2 nanocrystals (Fig. 4(d) ). The E g mode at 147 cm −1 is ascribed to symmetric stretching vibration (←−O←−Ti→O→) in octahedral [TiO 6 ] clusters, while the B 1g mode at 400 cm −1 is related to symmetric bending vibration ( O Ti O ) in these same kinds of clusters. The A 1g mode at 518 cm −1 is assigned to anti-symmetric bending vibration ( O Ti O ). Finally, E g mode at 640 cm −1 is attributed to displacement of symmetric oxygen atoms in Ti-O bonds in the x,y-plane (←−O←−Ti→O→), which is in good agreement with the studies reported by Yan et al. [58] , and Exarhos et al. [59] . Moreover, the other two Raman-active vibration modes (1B 1g and 1E g ) were not detectable because of their lower intensities [60, 61] . Fig. 3 (a-d) illustrates the FT-IR spectra of pure SBA-15 matrix and modified with TiO 2 nanocrystals at different Si/Ti molar ratios (R = 75, 50, and 25), respectively.
Fourier transform-infrared spectroscopy analyses
FT-IR spectroscopy was employed to monitor the incorporation of TiO 2 nanocrystals into the SBA-15 matrix [62] . In the region from 400 cm −1 to 2000 cm −1 , these spectra revealed six IR-active vibration modes due to Si O bonds or Si OH groups. The spectra in Fig. 3(b-d) showed some significant changes in relation to IR spectrum of pure SBA-15 matrix (Fig. 3(a) ), in which the bands are typical of O Ti O Si O bonds. The first IR-active mode at around Fig. 3(a) ) [63] . The second IR-active mode at 804 cm −1 is ascribed to symmetric stretching vibrations of (Si O) bonds in tetrahedral [SiO 4 ] clusters [64] . The third IR-active mode at 960 cm −1 is caused by the symmetric stretching vibrations of (Si OH) bonds in silanol groups [65] . Moreover, it was noted an increase in the intensity of this respective band with the addition of Ti atoms into the SBA-15 matrix. This behavior is possibly due to strong chemical bonds ( [67] . According to de Sousa et al. [68] , the fifth IR-active mode (shoulder at 1208 cm −1 ) is corresponding to antisymmetric stretching vibrations of (Si O) bonds. Finally, IR-active mode at 1636 cm −1 is associated to bending vibrations of (Si OH) bonds, which is arising from the adsorbed water on the SBA-15 surface [69] . Fig. 4(a-d) illustrate the N 2 adsorption/desorption isotherms of pure SBA-15 matrix and modified with TiO 2 nanocrystals at different Si/Ti molar ratios (R = 75, 50, and 25), respectively.
N 2 adsorption/desorption analyses
All samples exhibited a typical irreversible type-IV adsorption/desorption isotherm with a H1 hysteresis loop, as defined by the International Union of Pure and Applied Chemistry (IUPAC) [70] . These isotherm profiles are typical features of mesoporous materials with cylindrical pores, like the SBA-15 [43, 44] , and are in agreement with XRD results. Furthermore, indicate that TiO 2 nanocrystals employing by in-situ anchoring (ISA) method did not block the mesoporous of SBA-15 matrix. Fig. 5(a-d) shows the structure of the pore size distribution for pure SBA matrix and SBA-15 matrix modified with TiO 2 nanocrystals.
As it can be noted in Fig. 5(a) , the pure SBA-15 matrix exhibits a very narrow pore size distribution with an average diameter of 6.5 nm. However, the anchoring of some TiO 2 nanocrystals in mesoporous SBA-15 promoted a broadening in pore size distribution, and an increasing in average diameter to 7.2 nm (Fig. 5(b, c) ).
The increase in the addition of TiO 2 nanocrystals in SBA-15 matrix resulted in a reduction in average pore size to 5.9 nm (Fig. 5(d) ). Furthermore, it can be checked one shoulder on the bimodal pore distribution, which can be attributed to the presence of internal aggregates of TiO 2 nanocrystals inside the mesopores formed by the calcination process [71] . In Table 1 are listed the specific surface area and porosity calculated by the BET and BJH methods, respectively. In this table, TiO 2 /SBA-15 (R = 25) sample has a high value for both specific surface area and pore volume in relation to pure SBA-15 matrix and other synthesized samples. This behavior can be designed to formation of homogeneous distribution of TiO 2 nanocrystals into the mesoporous SBA-15 matrix by the proposed ISA method. These results indicate that the decrease of Si/Ti molar ratios (R = 75 → 25) is ideal to promote an increase in the wall thickness.
The textural properties obtained from isotherms and XRD patterns are shown in Table 1 . Analyzing these results, it is possible to note TiO 2 /SBA-15 has larger average pore size than the pure SBA-15, except the TiO 2 /SBA-15 (R = 25), as beforehand observed in Fig. 5 . This fact can be related to the existence of TiO 2 nanocrystals into the SBA-15 mesopores walls [72] , intercalated with SiO 2 groups. In fact, this behavior also can be because the Ti O bonds are longer than the Si-O bonds (c.a. 0.21 A). Moreover, both wall thickness and micropores area of these samples [TiO 2 /SBA-15 (R = 75, 50)] did not changed when compared to pure SBA-15.
TiO 2 /SBA-15 (R = 25) sample has larger wall thickness, and lower average pore size in relation to SBA-15, which can be attributed to agglomeration of TiO 2 nanocrystals. Consequently, this phenomenon is able to promote the formation of a thin layer, blocking the micropores entrance of this sample, as indicated in Table 1 . These behaviors can indicate that the increase of the amount of TiO 2 nanocrystals (decrease of Si/Ti molar ratio) promotes the saturation of surface micelles of the Pluronic P123 template during the synthesis. Therefore, in TiO 2 /SBA-15 (R = 25), silanol groups condense on the thin layer of TiO 2 nanocrystals and not only on the micelles, resulting in an increase in wall thickness and micropores entrance blocking.
The fluorescence data, presented in Table 2 , revealed that the TiO 2 /SBA-15 (R) samples have a Si/Ti molar ratio approximately two times lower than the theoretical value. This fact reinforce the idea that TiO 2 nanocrystals deposited on micelles may take a place of silanol groups during the synthesis. In addition, this result shows that the proposed ISA method may solve the problem of limitation of amount of active phase, especially metal oxid that can be incorporated in the SBA-15 molecular sieve [40] [41] [42] .
Field-emission scanning electron microscopy images analyses
FEG-SEM images were of fundamental importance to understand the morphological evolution of SBA-15 with the increase of the amount of TiO 2 nanocrystals (R = 75 → 25) into the mesoporous by the proposed synthesis method in our study. Fig. 6(a-d) show the FE-SEM images of pure SBA-15 and SBA-15 samples modified with TiO 2 nanocrystals in different molar ratios, respectively.
In Fig. 6(a) , the pure SBA-15 matrix has similar shape to irregular elongated tubes with different diameters and lengths. In addition, there are some interconnections between these tubes, which can be related to growth mechanism by means of self-assembly [73] . In Fig. 6(b) , it is possible to confirm the shape of pure SBA-15 after incorporation the anatase TiO 2 nanocrystals in the pre-synthesis. Therefore, elongated hexagon can be observed in this FE-SEM image, confirming to the existence of highly ordered 2D hexagonal mesostructure with several mesopores. The presence of curves can be verified in these hexagons (Fig. 6(c) ). Moreover, due to the new synthesis method proposed in this work, it is not possible to observe the presence of anatase TiO 2 nanocrystals on the surface of pure SBA-15 matrix (Fig. 6(c-d) ). According to the literature [74] , the curved shape of pure SBA-15 matrix is ascribed to the vortex effect and shearing force during the stirring process. When Si/Ti molar ratio was decreased, changes in the growth direction and shape of elongated hexagons were observed. In this case, it was noted the appearing of several twist in hexagon-like SBA-15 ( Fig. 6(d) ). 
Transmission electron microscopy images analyses
TEM images were employed to monitor the anchoring of TiO 2 nanocrystals into the SBA-15 matrix. Fig. 7(a-d) illustrate TEM images of pure SBA-15 and SBA-15 samples modified with TiO 2 nanocrystals, respectively. Fig. 7(a) shows a high magnification TEM images performed on the edge of an elongated tube. SAED confirmed the SBA-15 matrix is composed of several mesopores (red circle in Fig. 7(a) ), which is commonly found in amorphous materials [73] . The presence of several small dark points (indicated by white arrows) inside the pores of SBA-15 matrix in Fig. 7(b) , which are due to anatase TiO 2 nanocrystals have average crystal size at about 7.2 nm anchored inside the mesoporous (see Support Information Fig. S1(a,b) and Fig. S2(a,b) ). Moreover, TEM images revealed the presence of some anatase TiO 2 nanocrystals inside the SBA-15 pore walls (white arrows in Fig. 7(c) ), which is in good agreement with the discussion on textural properties shown in Table 1 . High-resolution (HR)-TEM images is displayed in inset in Fig. 7(c) shows the well-ordered 2D hexagonal arrangement of SBA-15 mesopores. The uniform nanopores have a narrow pore size distribution with average size at 7.5 nm. Finally, as can be observed in Fig. 7(d) , there is a large amount of small dark points inside the SBA-15 framework due to anatase TiO 2 nanocrystals. These results are in good agreement with the results reported by Chang et al. [75] .
3.7. Growth mechanism of anatase TiO 2 nanocrystals/SBA-15 and pure SBA-15 matrix Fig. 8(a-k) illustrate a schematic representation of all stages involved during the synthesis and growth of SBA-15 mesoporous silica/anatase TiO 2 nanocrystals and SBA-15 mesoporous silica.
Initially, Fig. 8(a) shows the formation of typical sphere-like micelles in aqueous dispersion, when Pluronic P-123 surfactant was dispersed in water. In this stage, we have self-organization of several micelles with the hydrophilic "head" in contact with surrounding solvent (H 2 O), sequestering the hydrophobic single "tail" in the micelle center [76] . In Fig. 8(b) is illustrated the self-assembly process of several sphere-like micelles with the formation of rodlike micelles. This effect is a typical feature of tri-block copolymer micelles (Pluronic P-123) [77] , which display a similar behavior of surfactant micelles, acting as dynamic micelles and presenting a slow controlled diffusion process [78, 79] . The high concentrations of Pluronic P-123 employed in this synthesis method promoted the fusion of rod-like micelles, forming cylindrical aggregates with different lengths (Fig. 8(c) ), which are known as lyotropic liquidcrystalline phase (2D-hexagonal shape) [80, 81] . In the sequence, TiO 2 nanocrystals at colloidal state prepared by the reflux method at 90 • C for 12 h were added at different molar ratios in this lyotropic liquid-crystalline phase (LL-CP) (Fig. 8(d) ). Ideally, this procedure enables a homogeneous distribution of TiO 2 nanocrystals on the LL-CP surface, as shown in Fig. 8(e) . In a next stage, TEOS was added as an amorphous silica (SiO 2 ) precursor (Fig. 8(f) ). After several hours of chemical reaction performed at 100 • C, TEOS covered completely the surface of TiO 2 nanocrystals anchored on the LL-CP (Fig. 8(g) ).
Finalized the hydrothermal treatment, the composite inorganic mesostructured TiO 2 /SBA-15/surfactants at different molar ratios (R = 75, 50 and 25) were formed. This precursor is composed of LL-CP with some octahedron-like TiO 2 nanocrystals, and several tetrahedral [SiO 4 ] clusters due to SiO 2 amorphous (Fig. 8(h) ). A composite inorganic mesostructured TiO 2 /SBA-15/organic surfactant was formed after several washing and filtration processes (Fig. 8(i) ). The heat treatment performed at 550 • C promoted the complete removal of organic surfactants as well as the growth by self-assemble of several hexagonal mesoporous along the caxis [82] . This procedure resulted in the formation of SBA-15 mesoporous silica/TiO 2 nanocrystals (Fig. 8(j) ) and pure SBA-15 mesoporous silica (Fig. 8(k) ). Fig. 9(a-d) show the UV-vis diffuse reflectance spectra of all samples described in the present study.
UV-vis diffuse reflectance spectroscopy analyses
As observed in Fig. 9(a-d) , E gap values increased when the Si/Ti molar ratio was decreased in TiO 2 /SBA-15. In principle, this behavior is related to decrease of intermediary energy levels between the VB and CB. Particularly, the exponential optical absorption edge and the optical band gap energy are controlled by the degree of structural order-disorder in the lattice. The results showed the Ti as doping element increased the reflectance of visible light and extend the absorption edge to shorter wavelengths [83, 84] . In addition, SiO 2 amorphous exhibits only some electronic Si (3p) and O (2p) states, while the TiO 2 /SBA-15 samples have new electronic Ti (3d) states, increasing the optical band gap. Fig. 10(a, b) shows the optical band gap model for pure SBA-15 related to SiO 2 and anatase TiO 2 nanocrystals/SBA-15 mesoporous, respectively.
Optical band gap model analyses
As previously described in the text, the pure SBA-15 matrix is an amorphous silica; therefore, despite of its low degree of crystallinity at long-range (Fig. 1) , there is a local-order (Fig. 2) . Thus, we presume this mesoporous material has a band structure composed of Si 3p (near the CB edge) and O 2p levels (above the VB edge) (Fig. 10(a) ). On the other hand, when TiO 2 nanocrystals were incorporated into this SBA-15 mesoporous, there is also the effective participation of Ti 3d levels within the forbidden region ( Fig. 10(b) ). In this structure, it is possible a correlation between tetrahedral [SiO 4 ] clusters and distorted octahedral [TiO 6 ] clusters. In cases involving electronic conduction properties, these clusters are able to present a cluster-to-cluster charge transfer (CCCT) from SiO 2 (SBA-15) to TiO 2 (or vice-versa) by means of excitations involving electronic transitions [85] . This CCCT mechanism induces the formation of different energy levels within the forbidden band gap (effect of structural order/disorder). Particularly, this phenomenon has its origin during the crystal formation and organization stages, which are directly dependent on interactions between tetrahedral [SiO 4 ] clusters and distorted octahedral [TiO 6 ] clusters. Therefore, these structural defects promote a symmetry break, causing a polarization in the structure by the electronic charge transfer from ordered (o) to disordered (d) clusters (formation of electron-hole pairs), which can be explained by the following equations 
Conclusion
In summary, pure SBA-15 mesoporous, anatase TiO 2 nanocrystals and anatase TiO 2 nanocrystals anchored into the mesoporous of SBA-15 matrix were obtained with success by the reflux and hydrothermal methods, respectively. XRD patterns, and MicroRaman spectra indicated TiO 2 nanocrystals have a tetragonal structure and space group (I4 1 /amd). The pure SBA-15 matrix exhibited typical XRD peaks at low angle of SiO 2 amorphous and SiO 2 mesoporous. These results are in agreement with highly ordered 2D hexagonal mesostructures with space group P6 mm. XRD peaks at wide angle and Raman-active vibration modes found for anatase TiO 2 nanocrystals anchored into the mesoporous of SBA-15 matrix were only assigned to tetragonal structure of anatase 4 ] clusters of SBA-15. FE-SEM images showed the decrease of Si/Ti molar ratios promoted changes in the growth direction as well as in the elongated hexagon-like SBA-15 shapes. TEM and HRTEM images showed the presence of micropores and 2D hexagonal mesopores of SBA-15. In addition, anatase TiO 2 nanocrystals anchored into the mesoporous of SBA-15 material were estimated with observation of TEM images and textural analyses. BET and BJH methods indicated the decrease of Si/Ti molar ratio is an ideal condition to promote an increase in the wall thickness. Finally, UV-vis diffuse reflectance spectroscopy indicated an increase in optical band gap energy values (from 2.37 to 3.24 eV) with the increase of molar ratios. This phenomenon was attributed to the formation of additional electronic energy levels arising from Ti 3d orbitals according our optical band gap model.
